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The purpose of this study was to develop a simple means for 
evaiuating the re1~tive quality of synthesizers. Several 
considerations had to be kept in mind: the synthesis should 
invoive standardized materials and yet be adaptable to each new 
situation; te.sting procedures should be easy to follow end tQ 
replicate; and the resu1ts of the evaluation of different 
synthesizers should be comparable. We decided to use a set of 
voweis, since vowels are usuaJ..ly simpler to synthesize, and the 
results are more lik,el~ to reflect the performance of the 
synthesizer than the skill ot the person performing the syntl)esis. 
Meth£!!. 
We selected a set of ten monophthongal Ame~ican English 
vovela: /i .re a a q u u ~ --:y./. The vo·.rels were produced by a 
male speaker, a female speaker, a.nd a child. The two adult 
speakers were :phoneticians;. the child repeated the productions 
of its mother (a phonetician). The vowels vere recorded on 
magnetic tape in an anechoic chamber, analyzed spectrographically, 
s.nd randomized for a listening test. The first listening tape 
contained one production of each of the vowels in random order, 
for a total of 30 items, 
AJ.1 30 vowels were synthesized on a Glace-ijol.mes synthesizer,1 
using formant positions measured from spectrograms obtained from 
the first set. Fundamental frequency values were ta.ken from 
a.vere.ges for these vowels published by Peterson and Ba.:rney. 2 A 
second listening tape was preps.red, on vhich the synthesized 
30 vowels appeared in random order, with ,5-second intervals. 
A third set of vowels was generated on the basis or average 
formant and fundamental frequency va.l.ues published by Peterson 
and Barney. In tbia set~ formant values for men, women and children 
vere combined vith the respective fundamental frequencies, 
resulting in 9 different combinations for each of the ten vo•.rels. 
Three of the nine sets are directly comparable to the materia.1,s 
contained on the first tvo tn~es; six represent combinations which 
do not occur in normal speech. These combinations were synthe-
sized to gain some information about the relative importance of 
formant structure and fundamental frequency in the identification 
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of speakers and. vowels. The third set of vo•,1els, 90 items in 
all-, ,.as randomized and re-recorded in th~ same manner as the 
second set. 
Six listening tapes were prepared, containing all 150 stimu1i. 
On each tape, the order of the three sets of vowels ~as varied, 
so that the effects of order of presentation of normal vowels and 
different synthetic vo~els vould be ·equalized, The tapes were 
p:,::-esented to 10 listeners each; for a total of 60 listeners. 
The listeners had had approximately three months' training in 
(English) phonetics and vere familiar with the phonetic symbols. 
The task of each listener was-to identify both the vowel and the 
speaker by placing the proper phonetic symbol in one of three 
columns, thus assigning the vowel to a male speaker,· female 
speaker, or a child. 
Results. 
The results of the listening tests are presented in Tables 
1-7, Table l presents the results of vowel identification for 
normal productions. Table -2 gives comparable data for the set 
of vowels synthesized on the ~asis of meas~ements ma<.le from 
the first set. 
Table 3 presents comparable data for the set of vowels 
synthesized on the basis of the Peterson-Barney averages. This 
table contains only normal combinations, i.e. male formants and 
fundamental frequency, female formants a.nd fundamental frequency, 
a.nd child I s formants and fundamental freouency, It is thus 
directly comparable to Tables land 2. Table 4 swnma.rizes the 
vo~el and speaker identification data for these three sets of 
vo.,,,.els: normal productions, syntnesis from measured values 
(attempting to recreate the first set synthetically), and 
synthesis from average values; 
· Tables 5, G and 7 present data for the set of 90 vowels 
synthesized on the basis of averages. The tables contain 
information obtained for a.11 nine possible combinations o~ formant 
and fundamental frequencies. Table 5 presents speak.er identifi-
cation scores. Table 6 was generated by ·averaging Table 5 
results a.cross fundamental frequency changes and across formant 
structure changes. Table 7 gives vowel identification scores. 
Discussion. 
1. §pea.\er Identification. 
A first observation is that male speakers are identified 
more easily than women and children, who are frequently confused 
with ea.ch other. This would seem to be a trivial obs~rvation; it 
is interesting, however, that the confusions are much greater in 
synthesized sets than in the normal set. Evidently the normal 
productions contain some additional information which is used by 
listeners in making the decision, and which is not reproduced on 
TO · 
the Glace-Holmes synthesizer. 
T~bles 5 and 6 shov that formant structure is a relativel.,v 
more important cue in speaker ·identification than .fundamental 
frequency. For example, vowels produced with male formants, 
but female fundamental frequency, were assigned to a male speaker 
in 80.8% of instances, vhile vowels synthesized with female 
formants , but with male fundamental .frequenc~·, were assigned 
to a male speaker in only 18.6% of the ca.cies. 
2. Vowel Identification. 
First of all, it is obvious that children's vowels are 
relatively difficult to identify. In the case of ttie first two 
sets (Tables land 2), one might attribute this to the fact that 
the child whose·recording of th~ vowels was used in this test 
may not have succe~ded in pronouncing the vowels c·orrectly. 
But a comparison vith synthesis from the Peterson-Barney averages 
(Table 3) shows that this is not so: here, too, the score for 
children's vowels was the lowest, and the reason must :tie sought 
elseYhere. A simple answer might be provided by observing that 
children• s formants are usually not well defined, since the high 
fundamental frequency of a child 1 s voice would furnish only one or 
two harmonics per formant. If this is the true reason, the 
identif'iabili ty of a child's vo'vels should increase ....hen a man's 
fundamental frequency is used. Table 7 shows that this is not the 
case: children's formants, with a male fundamental frequency, 
resulted in an average vowel identification score of 43.9%, 
compared to 67.9% for children's formants combined with children's 
fundamental frequency. 
It is noticeable aJ.so that synthesis from averages produced 
relatively higher vowel identification scores th~ synthesis from 
measurements of thenorma.1. set. A possible reason is .that Peterson 
and Barney used for their averages only vowels that had been 
correctly identified by a panel of listeners, and discarded tho·se 
that were not unanimously accepted. Thus the Peterson-Barney 
averages represent some kind of idealized vowels--not what an 
average speaker would produce, but what an average listener 
would accept. 
Vowels obviously differ a great deal in their relative . 
identifiability. Ih normal productions, the vowels /U/ and /11,/ 
had the lo\l'est scores. Surprisingly, /11./ had a relatively hip;h 
score in the synthetic set based on measurements; in, this set, the 
lowest scores were obtained for /c./ and /U/. For th_e set of 
vowels synthesized from averages, the lO'W'est scores were 
associated with /11,/ and /U/, as had been the case with the normal 
set. High front vowels and l'o/'I had consistently high identtfication 
scores. 
A surprising result vas the lo.... identification score of 
/i/ in the set synthesized from measurements (Table 2). We 
hypothesize that this might be due to the fact that the fourth 
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formant va.s not used in the synthesis; howev·er, /i/ synthesized 
on the basis of averages received a high score, even though F4· 
wa.s not used either. The relatiYely high score for the child may 
be explained by the fact that a modification was introduced into 
the synthesizer to obtain the characteristic high third formant 
for the child's /i/, which would otherwise have been out of 
range of the Glace-Holmes synthesizer. 
An analysis of the substitutions made by the listeners 
would add some interesting information, but would contribute 
little to the primary aim of the st1J.dy: establishing an eva.lua.tion 
measure for synthesizers. 
We propose to use the difference between norma.l scores and 
scores obtained with synthetic vo~els as an evaluation measure. 
The use of the Peterson-Barney data will provide a fixed 
reference. For the current state of our Glace-Holmes synthesizer, 
we have to evaluate its performance as approximately 25% below 
normal speech. This is based on a comparison of overall scores. 
The overall vowel identification scare for the normal set {all 
three speakers combined) was 79.46%; the overall speak.er identi-
fication score (all ten vowels combined) was 90.03%. The 
corresponding scores for the set synthesized from measured 
spectrograms vere 50.87% and 69.73% respectively. The differences 
between the scores obtained for the normal set and the synthesized 
set vere -28.59% for vowel identification and -20.30% for speaker 
identification, giving an approximate degradation of the signal. 
of 25%. Compared with the synthesis from averages; the performance 
of the Glace-Holmes synthesizer is much better: the difference 
for vowel identifications betveen the normal set and the 
synthesis from averages was -4.23%, and for speaker identification, 
-15,76%, for an average degradation of 10%. 
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TABLE 1  
VOWEL IDENTIFICATION: PHONATED VOWELS, NORMAL SPEAKERS  
Scores given in per cent correct  
Overall Overall 
Vowel Male Female Child .correct correct 
(vowel & sneaker) (MFC combined) 
i  100  90  93.0072  87.33 
74 96  85.67I  87  93.67 
E 81 70  82.67 85.6797  
al 96  90  87.67 73.6777  
I  
a 94  25  58.67 73.6757  
:, 81  64 67  70.67 77.33 
80 u 63 · 10  51.00 56.33 
u 98  90  87.6775  98.67 
Ii. 72  42~0054  0 48.33 
96  78  31  68.33 74.33~ ____ ....,_~------- --------t---------~------------------~--~-----------Average 88,3 71.6 56.6 79.4672.17 
------------------ ---------------
i 
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TABLE 2  
VOWEL IDENTifICATION: SYN':r~SIZED V,O~S, BASED ON  
MEASUREMENTS OF PRODUCTIONS OF NOPJ,fAL SPEAKERS  
Scores given in per cent correct  
Overalloverall 
correctVowel Male Female Child correct 
{MFC combined){Vowe1 & speaker) 
36.008  8  23.3354  
1l,.:c 19.6712  2l 15.67 
E 12  39.6727.6752 19  
a 93.0010  71.3365 79  
. 68 .oo44,3346  42 a 45  
;;, 42  4  31.00 . .44 .33 47  
4  21'10 u 12.67 19.33I  
8 12  23.00u 49  34.33 
44 I\ 30  49.00 72.3373  
74  38  54.oo 82.0050 ~_"""':" _____ --------..;.---------------
Ave;rsge 39,3 35,3 35,231.0 ~0.87 
i 
TABLE 3 
VOWEL IDENTIFICATION: SYNTHESIZED VOWELS, FORMA1lT STRUCTURE 
AND FUNDAMENTAL FREQUENCY BASED ON AVERAGES GIVEN BY 
PETERSON & BARNEY (1952) 
Scores given in per cent correct 
Qyera.110Yerall 
Vowel Male Female Child correctcorrect 
(Vo~el & speaker) (MFC combined)I  
84  62  62  88.6769,33 
77,0064.33r 76  47  70  
f; 68  83,0081  67,3353  
ti! 89,6770,3372 79 ! 60  
l ! I  
a 60  76,6756  56,3353  
:;, 42 67  20  43.00 59.67 
u 20 67  58.oo29  38.67 
u 86  52,0049  21  76,33
I  
,~1 .00A 38  29  34.6737  
98  65  73,33 96.3357 j';-------+-------i,..-------- t--------· ------------------~----------~---
Average 47,273,5 50.1 56,93 75,23 
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TABLE 4 
OVERALL SPEAKER AND VOWEL IDENTIFICATION 
Scores given in per cent correct 
Speaker identification Overall Overall  
Stimulus  speaker vovel 
type Ma.le Child identification identification 
score 
Female 
score 
Normal  
speakers  
o.4 0.4M:ale I 99.2 
Female 2.2 81.0 16.8 
Child o.o 10.1 89.9 
90.03 79.46 
Synthesis  
from  
measurements  
Ms.le I96.2 3,0 o.8 I 
I 
I 
Female 9.8 62.2 28.0 
i 
I ' 
lChild 44.o5.2 50.8 
69.73 1 
I 50.87 
Synthesis 
fromIaverages 
I Ma.le 94.o 2.7 J j3.3 
IFem.a.le 9,4 60.6 30.0 
! Child 4.7 27.1 68.2 
74.27 75.23 
t 
---------- ------------
------------------ ----------
TABLE 5 
SPEAKER IDENTIFICATION: SYNTHESIZED VOWELS, FORMAN'r STRUCTURE AND 
FUNDAME!fTAL FREQUENCY BASED ON AVERAGES GIVEN BY 
PtTERSON MID BARNEY (1952) 
All vowels combined. Scores given in per cent correct. 
'' 
Identified as 
FormEL11ts Fundamental  
freq_uencv  ChildMule Female 
I 9!1 .o I 2,7Male Male 3.3 
80.8 10.4 8.8Female 
Child 69,7 11.4 18.9 
---- ·------"---------~-
i,,,,..-----------
Female 
----------------· -
Male 18.6 50.5 30,9 
Female 9,4 60.6 ' 30.0 
Child 7,2 43,2 h9.6 
---------...,..-------------
Me.le 49.2Child 11.2 39,6 
48.2Fema.le 44.37.5 
68.24 ,7· 27,1Child 
--------------------, --,--------------~--------------~-----------
34,1232,20Average 33,68 l  
TABLE 6 
SPEA.XER IJENTIFICATION, BASED ON A) FtnIDAMENTAL FREQUENCY 
AND B) FORMANT STRUCTURE 
All vowels combined. Scores given in per cent correct 
Identified as 
ChildMale Female 
27.80Ma.leFundamenta.l 41.27 30.93 
,,frequency Female 29.0()32,57 38.43 
45.57Child 27.20 27.23 
-::~~: -- - ~ale - - --a,;,;-----r-~;~33----i 81. 50 
Fema.le 11."f) 51.43 3'6 .84 
Child 55,201.ao 37 .00 l 
TABLE 7 
VOWEL IDENTIFICATION: SYNTHESIZED VOWELS, FORMANT STRUCTURE AND FUNDAMENTAL FREQUENCY BASED ON 
AVERAGES GIVEN BY. PETERSON AND BARNEY (1952) 
Scores given in per cent correct. 
Formants 
Male 
Fundamental 
frequency 
Male 
Female 
Child 
i 
88 
96 
78 
I; 
78 
66 
31 
E 
81 
73 
40 
iB 
86 
96 
89 
a 
64 
87 
83 
::> 
67 
78 
44 
,U 
69 
61 
10 
u 
86 
83 
14 
A 
41 
46 
26 
~ 
100 
80 
19 
Average 
76.0 
76.6 
43.4 
Female Male 
Female 
Child 
88 
98 
78 
54 
76 
31 
54 
91 
40 
'53 
91 
89 
52 
84 
83 
22 
73 
44 
37 
66 
10 
40 
83 
14 
42 
58 
26 
96 
98 
19 
53.8 
81.8 
43.4 
Child Male 83 
Female 98 
Child Bo 
~--------- ~-----------· ------· 
Average 87.44 
35 24 3 
70 87 92 
77 77 92 ------.. -----· ------
57.56 63.0 76.78 
25 17 
47 61 
82 39,,_______ 
------
67.44 49.44 
46 75 35 96 43.9 
63 72 85 96 77.1 
39 60 42 91 67.9 
------- ------1-------1-------,-.--------
44.56 58.56 44.56 77.22 62.66 
